INTRODUCTION
It is with a certain amount of hesitation that one proclaims an apparently new fact in medicine, especially when such a fact seems to be entirely fanciful to the majority of professional men, both physicians and dentists, who naturally are highly skeptical regarding new methods and new findings. In presenting this subject to the dental profession, I realize that my statements will provoke much argument and disagreement. Consequently, I shall endeavor, so far as possible, to give facts, substantiated by concrete cases, and let the reader be the judge of the importance of the relation of dental infection to various mental conditions. I wish to emphasize the fact that I do not put all the blame upon the dentists. I think that we, of the medical fraternity, have been equally at fault, in failing to correlate dental and medical problems and to seek a hearty cooperation between physicians and dentists.
That a very close relationship exists between infected teeth and systemic diseases is a fact that has only recently been recognized.
In 1914, Hastings (3) , basing his opinion upon the complement-fixation test, showed the relation of infected teeth to rheumatic conditions. From this pioneer work, the principle has been definitely established that diseases in certain organs may be, and frequently are, caused by infections far removed from these organs and may not cause any symptoms in the region which is the site of the infection. That, perhaps, is the most difficult principle for the laity as well as the profession to grasp. Especially is this the case when the infection is focal in the teeth. When the patient does not experience pain or discomfort in his teeth, it is natural for both patient and dentist to assume that his teeth are normal. Accordingly, very serious trouble may originate in the teeth without being discovered; and may be allowed to progress to the point where it finally causes the death of the patient or, if not that, a condition worse than death-a life of mental darkness.
Since the publication of Hastings' work, many men who stand high in the medical profession have extended this principle to other fields of practice. Barker, of Johns Hopkins University, has reported cases of pernicious anemia which cleared up after extraction of infected teeth. Even dermatologists have taken up the question of the relation of focal infection to skin diseases (5) . Not all the credit for establishing this principle belongs to the medical profession, however.
To Thoma, of the Harvard Dental School, we are indebted for the best and most comprehensive work on this subject (7) . Aside from the dental education I received from Dr. A. W. Currie, of New York, who started me on my dental career, I think I obtained more dental information from Thoma's work than from any other source.
Many other well-known members of the dental profession have advanced this doctrine, but apparently with few tangible results, judging from the condition of most of the cases which have come under my observation and under that of others interested in this subject.
TYPES OF DENTAL INFECTION
In describing the pathological conditions of the infected teeth which have come under my observation, I may not use the accepted terminology familiar to the dental profession, for which fault I crave your pardon. I shall confine my descriptions to conditions and ask you to supply the proper designations.
There is considerable difference of opinion as to the efficacy of the various treatments of apical abscesses, which are legion, but I think we are safe in following the dictum of Thoma. He quotes from Grieves as follows:
"There is to my knowledge no medicament, nor method, germicidal, oxidizing or electrolytic, that will revivify the pericemental apex. If it be vital, the tooth is healthy; if it be diseased, the tooth is next to doomed. This is the point in treatment where materia medica stops and good surgery begins."
Thoma states that he has tried all antiseptics and found that none of these has the power to destroy completely the bacterial life in the periapical granulomata. The sooner this fact is recognized by the dental profession the better it will be for the patient, and for the physician who later sees the patient with some incurable malady.
The type of infection which is not so easy to determine often occurs in filled teeth in which the x-ray does not give a clear picture. Many of our cases had to be re-examined because we did not at first realize the significance of the condition. Even in good radiograms the roots were blurred, twisted, apparently sclerotic, and with no involvement of the alveolar process. We hesitated at first to extract them. Deciding, however, that these teeth were diseased, we found after extraction that the roots were eroded, frequently absorbed, and that the tips of the roots for some distance were necrotic; and cultures were always positive in testing either for the short-chain streptococcus or the Connellan-King diplococcus (which undoubtedly belongs to the streptococcus group). Perhaps we shall be accused of being too radical in our opinion and procedure in these cases; but, after many serious mistakes in not extracting such teeth, and with the good results obtained in the patients by reconsidering our decision and later extracting all such teeth, our position is impregnable.
A third type of infection, of which I have seen no description, is what we term a soft granuloma, occurring often on apparently vital teeth. I am fully aware of the fact that the prevailing opinion is that vital teeth cannot become infected, and I also was a believer in this doctrine, until experience taught me otherwise. These granulomata usually form below the crown of the tooth and encircle the roots, often running completely around them. The structure is seemingly new-formed connective tissue, rich in bacteria. One might imagine that by scaling the tooth this could be removed, and such a supposition is correct. But, we have repeatedly cultured the apices of these teeth and have always found them infected. Therefore, even if the granuloma were removed, the accompanying infection would continue at the apex of the root and the damaging process go on. Such a granuloma does not show in the radiogram and can very easily be overlooked. Frequently, there is a faint red line near the gum margin, or the gum may be somewhat swollen and purple, but very seldom can pus be squeezed from the gum. The tooth may have no filling and show no sign that it is diseased, although at times it has a milky white appearance. It is our opinion that such a condition is a result of the spread of infection from a nearby infected tooth, for we have found it only where other teeth were infected in the same region. The following case well illustrates the necessity of recognizing this type of infection.
In the spring of 1917, a boy, twenty years of age, a patient of Dr. William A. Clark was admitted to Mercer Hospital, suffering from polyarthritis of a severe type and complicated with a valvular heart lesion. He was anemic, emaciated, and in an extremely nervous condition. An examination of the teeth, by the x-ray method, showed several apical abscesses. These teeth were extracted. He did not improve and soon left the hospital, considered by us a failure. Soon after leaving the hospital he sent for me. When I saw him I was convinced that something radical should be done, if his life 'was to be saved. An examination of the molars showed a condition that I had not seen before. The teeth were milky white but apparently vital, and had no fillings nor evidence of decay. The gum was swollen and almost covered the crowns of the molars. The boy protested when I suggested that these teeth should be extracted, because the extraction of the other teeth had not benefited him. I could not give him posi-tive assurance that extracting the eight molars would benefit him, but I told him that nothing else could save him. Finally, his family prevailed upon him to have them out. We extracted four at a time and the result was remarkable. He began slowly to improve and his pulse subsided from 120 to normal in a few days. His convalescence was rapid and in the summer he was accepted in the United States Navy as a physically fit individual.
An examination of the extracted molars confirmed our opinion that they were the cause of the boy's trouble. Each of the eight molars had a large circular granuloma just below the gums, and cultures gave luxuriant growth of Streptococcus viridans. The patient's rapid recovery verified the diagnosis of toxemia due to infected molars.
If we wish to eradicate focal infections we must bear in mind that only by being persistent, often against the wishes of the patient who respects the opinion of his dentist, can we expect our efforts to be successful. Failure in these cases at once casts discredit upon the theory, when the reason lies in the fact that we have not been radical enough.
Influence of unerupted third molars
Another type of infection which is often overlooked occurs in unerupted and impacted third molars or wisdom teeth. There seems to be quite a difference of opinion in regard to the necessity for extracting these teeth when their presence is shown by the radiogram. Formerly, I was inclined to give them little attention. During the last few months, however, I have had a series of cases which have convinced me that such teeth are a source of great danger and, when found, should be extracted. This statement may be modified perhaps, by adding: if these unerupted teeth are causing any symptoms; and evidence of symptoms may be very vague. One of the most important signs, and often the only sign, is a very rapid pulse in an otherwise healthy individual, usually a young person of probably thirteen to twenty years of age. Sometimes there may be headaches in a girl or a boy previously healthy, and these symptoms cannot be explained by any other physical condition or abnormality. If the third molars have not come through, and the radiogram shows them unerupted or impacted, it seems to me imperative that they be extracted at once.
We have now five cases, all of which have come to my attention during the last six months, where the symptoms were directly due to unerupted wisdom teeth and where, after extraction of these teeth, the symptoms rapidly disappeared. The symptoms varied from mere headaches and irritability to profound mental disturbances, lasting for two or three years.
In the youngest case, a lad of 13, there suddenly occurred, without any previous mental or physical condition to explain the trouble, a series of hysterical convulsions followed by maniacal excitement. He was admitted to the State Hospital and under rest and care improved materially, as so many of these cases do at the time of their first attacks; subsequently the teeth were extracted (lig. 1). Another patient, female, seen by me six years previously, had a rather peculiar mental condition at the age of nineteen. She apparently recovered after six months in the State Hospital, and was well for five years, but finally had to be recommitted. For the past year I have seen this patient almost daily. I had her bad teeth extracted, and could not understand why she did not recover, as her trouble was rather superficial from 2Figures 1 to 6 wx ere made from the ncgativs in order to shlal the teceh as they appear iN the original flints and ais they arc tsnallytt studied. the mental viewpoint, but her physical condition was very bad she was anemic and somewhat emaciated. Finally, I had her teeth radiographed and found four unerupted molars. These were extracted and her tonsils removed. She improved so rapidly both mentally and physically that today she is entirely well (fig. 2 ).
Another case was that of a perfectly healthy and robust girl, of nineteen, who had been "ailing" for some time. She was cross and irritable, had frequent headaches, and wanted to spend her time in bed. Fortunately for her, one day at dinner the gum over the right third molar, which was swollen, ruptured. An x-ray picture revealed an impacted wisdom tooth. This was extracted but her symptoms did not abate. All of her teeth were then radiographed and three more unerupted teeth found and extracted, with the result that all of her symptoms disappeared and she is now entirely well. I have no doubt that had these teeth not been found, she would have had a serious mental disturbance, perhaps of a permanent character ( fig. 3 ).
A fourth case was that of a Princeton University student, of nineteen, who was somewhat exhausted from his work in the students' training corps and suddenly developed a profound depression, with suicidal tenden-
cies. An examination of his teeth showed them to be in good condition but I noticed that he had no third molars and I confidently told his paralnts that the cause of his trouble was unerupted wisdom teeth. An x-rav examination proveed that I was right. The diagnosis was not difficult to make because as he hadf no wisdom teeth one could confidently assume that they had not come through. However, I do take credit for the recognition of the relation of these unerupted teeth to the mental condition. A fifth case was that of a married man; age, thirty-six. Admitted to the State Hospital, February 19, 1919, as a voluntary patient. Nothing of importance in the family history. Born in Hungary; patient's early life was negative so far as known. Graduated from military academy at 21; then entered the service, where he remained until he was twenty-six. He drank to excess and was said to be a popular social leader. Took a commercial course at the University of Leipsic; worked very hard; became ill, and took a trip through Norway and Sweden for his health. Returned to Hungary; engaged in. the contracting business and married within a year.
Failed in business after four years, and became despondent about financial matters; also began to express ideas of jealousy about his wife. Came to the cotton mills in Danielson, Conn., where he soon began to think ever> one was against him. After several failures in business projects, an( on account of his persecutory idleas, he was sent to Bloomingdale Hospital, December 17, 1917. Left there February, 1918, not improved. Went to a police station in Jersey City and demanded the opportunity of a private conversation with " the judge" concerning plots being formed. against him. Was sent to Jersey City county jail; six weeks later to Morris Plains (August 2, 1918) . No On admission the patient expi'essetl l'aranoidl ideas concerning his wtei XWas very nervous sensitive self-conscious and introspective Teeth vvere in bad condition. Radiograms showed one unerupted, and two impacted, third molarsalso several infected teeth. Onset was three years previous, when patient commenced to developp paranoid ideas. On examination, his tonsils were pronounced normal. Stomach test showed normal acidity, with streptococcus and B. coli infections. A full course of autogenous vaccine therapy was given.
The patient's infected teeth were extracted in March and April. There was some improvement in his condition. In May twA.o impacted molars 
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were extracted, when the improvement was most noticeable, the patient gaining insight into his condition and expressing a desire to be occupied. He was allowed to assist in work in our laboratory. His service was so satisfactory and valuable that, on June 30, he was discharged as a patient and placed on the payroll of the Hospital where he is still employed. This case is interesting because of the fact that, at both the Bloomingdale and Morris Plains Hospitals, a diagnosis of paranoia was made, and a bad prognosis given. At present no delusions can be elicited, and the man's whole attitude has changed (fig. 5.) Cultures from these unerupted teeth gave, in all cases, the nonhemolytic streptococcus; and, from the results-after extraction, there can be no doubt that the cause of the trouble was in these teeth and that it was expedient to have them extracted. It is difficult to determine from the radiogram whether unerupted teeth are infected, but this can be seen in some cases; and, if symptoms occur which cannot be explained upon any other basis, it is far better to extract the teeth than to leave them and have the symptoms continue. Every suspicious tooth should be extracted.
We would emphasize the importance of the complement-fixation test of the blood for the streptococcus group as a means of determining whether or not suspected teeth are causing systemic disturbance. The use of this test would remove all doubt as to the advisability or necessity of extracting impacted molars, when the patient is apparently healthy and the infection has not reached dangerous proportions. When the test is positive the impacted molars should be extracted.
BACTERIOLOGY OF DENTAL INFECTION
The organism principally concerned in dental infection is a nonhemolytic streptococcus known as Streptococcus viridans. The term non-hemolytic streptococcus is applied to a large group, the members of which vary somewhat in their morphology but have the same cultural characteristics. They are differentiated from the hemolytic types or long-chain'streptococcus, the organism which is very virulent and rapid in its action, as we know from the results of blood poisoning. The non-hemolytic group are non-pus-producing, slow growing organisms which do not cause pain, swelling or even a rise in temperature, hence their presence is easily overlooked. They produce a chronic infection in contrast to the hemolytic or virulent types; and this infection may persist for years, without the patient or physician becoming aware of its presence, unless tests are made to determine its presence and measures taken to remove it. The non-hemolytic types may, after many years, become in a sense virulent in that they overwhelm the patient and cause death by toxemia. While they are non-pus-producing, and therefore their presence is masked, they are extremely toxic; and all of the important symptoms are due principally to this characteristic, especially where the nervous system is involved.
Another important organism, differing in form from the shortchain streptococcus, is the Connellan-King Gram-negative diplococcus. This organism, described in 1917, by King and isolated by him from tonsils (4), possesses the characteristics of the non-hemolytic group. King was the first to call attention to this type of infection, originating in the tonsils, and causing various systemic conditions. We had been finding this organism in the mouths of our patients and were unable to identify it or to determine its relation to the infections. The work of King was not only of great assistance in identifying this organism, but called our attention to the importance of enucleating infected tonsils as well as extracting infected teeth. Until that time, I am ashamed to confess, I had not examined the tonsils of any of my cases and did not appreciate the significance of the tonsils in the chain of infection.
While the identity of this organism was for a time in doubt, we found that King was right in his claims that it was non-pus-producing and extremely toxic. Subsequent investigation showed that while it appeared in the tissue as a Gram-negative diplococcus, when cultured it soon assumed the form of a short-chain streptococcus, became Grampositive, and could be identified as one of the non-hemolytic group. When stained in the tissues it is always found in pairs and is Gramnegative. We are conducting investigations in our laboratory at the present time to further place this organism.' 3As a result of more thorough and systematic bacteriological work we have been able better to differentiate the various types of streptococci. We have found that the nonhemolytic streptococcus was not the only type involved; and that a large proportion of the infections of teeth, tonsils and gastrointestinal tract was due to certain types of the hemolytic streptococcus. Results of more recent investigations will be published later.
That the non-hemolytic streptococcus, after years of quiescence, may suddenly become active and rapidly cause thedeathof the patient, is shown by the history of the-following case, one of six of a similar type observed by us in the last few years. The cause of death in suddenly violently maniacal patients has always been somewhat of a mystery and has usually been ascribed to exhaustion, a very unsatisfactory diagnosis; but even with the help of an autopsy we were often unable to learn anything definite. The bacteriological study of this case, taken with that of the other five, convinced us that the direct cause of death was an invasion of all the organs by Streptococcus viridans, or, as it showed in the tissues, by the Connellan-King diplococcus. The history of the case is given below somewhat in detail, for we consider it of extreme importance, not only in clearing up the cause of death in mania but also in emphasizing the virulence of Streptococcus viridans and its tendency to migrate to other regions with serious and even fatal consequences.
This case is a recent one and the diagnosis is in question. Whether we call it delirious mania or manic delirium either of which would place it in the manic-depressive group-the symptoms were distinctly manic at the onset, which was very sudden, -and rapidly changed to those of a manic delirium, with death in seven days from the onset of the acute symptoms, although the patient had been mentally unbalanced for some time before this. We were able to make a complete bacteriological examination in this case and obtained the Connellan-King diplococcus, in pure culture, from the lungs, stomach, duodenum, kidneys and liver. Cultures from the brain-cortex, heart blood, gall-bladder, and pancreas, were sterile. The cause of death can hardly be questioned; and the rapidity and virulence of the infection would convince the most skeptical that the Connellan-King diplococcus is a decidedly pathogenic organism, and not the innocuous organism that some bacteriologists claim it is.
History of the case. Female, single, age forty-three, trained nurse by occupation. Nothing special in the family history. The patient was one of several children. Her early development was normal. Fourteen or fifteen years ago she and her sister left their mother after a disagreement, and the mother knew nothing of their whereabouts after that date. The mother states that the younger sister was dominated by the patient and that she might have married, but the patient did not think any man was good enough for her. They were inclined to be seclusive; had very few friends; thought no one was good enough for them to associate with. They were supersensitive; easily took offense. Mother states that patient was self-willed, even as a child, and that she could not control her after the age of ten. Patient had been nursing in Trenton for some years but was considered very peculiar by all who knew her. She and her sister, who was a teacher in the public schools, lived together in an apartment. On March 21, 1918, I received from the patient the following letter: "Dear Sir: I am an intimate friend of . I knew her and her family since childhood. I am a trained nurse and would like to see you in your office. Kindly let me know when convenient to you. Respectfully, C. C."
A few days prior to the date of this letter the sister of the patient, a school teacher, had an altercation with the principal of the school in which she taught; and following this she made charges against the principal, claiming that she had been assaulted. Evidence, however, supported the principal. There was considerable discussion of the matter in the newspapers, and the patient visited the newspaper offices and tried to have the matter hushed up. At that time it was noticed that she talked in a peculiar manner and was described as being intoxicated. On Sunday, March 31, the patient and her sister visited the brother of the school principal involved in the difficulty and asked if the matter could not be dropped. At that time it was noticed that both were excited, especially the patient. They returned to their apartment and later in the day the patient's sister was found dead, with both wrists cut and the patient a "raving maniac." She made many contradictory statements, claiming that she had killed her sister, but it was very evident that she was insane. She was sent to the State Hospital on this date, March 31. In view of the nature of the letter she had written ten days before, it would seem probable that the patient had an idea she was not mentally right and made the appointment for consultation. She did not come to see me, and I did not hear about her again before the death of her sister.
When admitted to the State Hospital the patient was very violent, and fought the policemen and all who tried to do anything for her. She was put in a hot pack and 4 grain of morphia given. She slept some, but when awake was maniacal and abusive. The second day after admission, in the evening, her temperature suddenly went up to 107.2°F.; pulse, 140. Her condition was extremely critical and she had frequent convulsions. Blood was taken for examination and lumbar puncture made. Urine was obtained by a catheter and a high saline enema of glycerine, epsom salts and soap-suds was given.. She continued in this state several hours and toward morning her temperature went down to 100. She was at times semistuporous and at one time in a maniacal delirium. She refused to take any nourishment. Temperature ranged from 102 to 103, with very rapid pulse-from 130 to 140. She frequently stated that she had killed her sister, but her statements were unreliable and no one will ever know the real facts of the tragedy.
Physical examination showed a well nourished woman. Skin of good color. No evidences of enlarged glands. Pupils dilated; reaction somewhat sluggish. Patellar reflexes diminished. Abdominal reflexes absent. Very marked psychomotor activity. Patient slept very little, even with hypnotics. The thoracic organs showed nothing unusual. Lungs negative. Pulse varied from 90 to 150, depending very much on her temperature. Blood pressure, 140; systolic, 90. Examination of spinal fluid was negative; 4 cells per cubic centimeter. Globulin negative. Wassermann negative in the blood and spinal fluid. Fixation test negative to tuberculin bacillus; positive to streptococcus. Urine: specific gravity, 1025; acid reaction; large amount of albumin; indican present; large number of hyalin and granular casts; many leucocytes. Digestive organs: patient refused to eat or swallow anything since admission; tongue dry; teeth covered with sordes. Throat inflamed. Teeth and gums in a very bad condition; considerable bridge work, and many capped and crowned molars. The patient became more delirious and was tube-fed for three days. She became somewhat jaundiced. Temperature reached 105. On April 8 she died, at 8.15 a.m.
Autopsy was performed at 10.30 a.m. On section of the body, the panniculus was unusually thick and a deep lemon yellow in color. Position of the abdominal organs not unusual. The pleura contained no fluid. Lungs normal except for a congested area on the lower lobe on both sides. Culture from this area gave pure culture of streptococcus. Pericardium not unusual. Heart small; tissue normally firm. Heart was not removed as it was thought unnecessary to interfere with embalming. Liver somewhat large, covered with many yellowish spots and on section showed some fatty degeneration; gave pure culture of streptococcus. Gall-bladder negative; distended and a few gallstones found. Pancreas was pathological in appearance; on the surface pancreatic tissues had been supplanted by connective tissue in many places; rather shrunken; cultures negative. Cultures taken from the stomach and duodenum, before they were opened, with every precaution observed to prevent contamination, gave pure growths of streptococcus. The stomach was empty; the walls were injected; rugae were smoothed out; adherent to the walls was much thick mucus. The duodenum was considerably injected, somewhat thickened and full of a thick yellowish fluid; cultures gave streptococcus. The remainder of the intestinal tract was not unusual. Spleen was not unusual. Kidneys were enlarged; on section much bloody fluid exuded and had the appearance of an acute hemorrhagic nephritis. Bladder somewhat distended; fluid turbid urine. Ovaries were cystic. Uterus not unusual. Brain normal in appearance, not granular in the fourth ventricle; no evidence of atrophy; pia clear, thin with no signs of meningitis; cultures from pial fluid and cortex negative. The cause of death was put down as general infection by the Gram-positive diplococcus that we have identified as streptococcus.
It was interesting to find that the heart blood, pancreas, gallbladder, brain and spinal fluid gave sterile cultures, while the cultures from the stomach, duodenum, liver, kidneys, contained this organism.
With such a general infection as was proven in this case, it is evident that it did not develop from the blood-stream but through the lymphatics. The origin of the infection was undoubtedly in the teeth, with infection of the other regions, which infection suddenly became virulent and caused the patient's death. Had we made no bacteriological examinations in this case the cause of death could hardly have been explained, although the patient had acute hemorrhagic nephritis and fatty degeneration of the liver. The bacteriology has cleared up the cause of death and also gives further evidence of the pathogenicity of the streptococcus. SECONDARY (1) . Their work called the attention of the medical and dental professions to the importance of the teeth as a source of infection. Rosenow likewise has shown that these organisms tend to migrate to other organs and there set up secondary foci. It can be seen that extracting the teeth, alone, will not correct a focus in the kidney, liver or gastro-intestinal tract; hence there are failures that tend to discredit the whole theory of focal infection, whereas the cause of our failures may be found in our lack of attention to these secondary foci. How the organisms reach distant organs is not plain; probably, in a large majority of cases, through the lymphatic system and seldom through the blood stream, although occasionally the latter system is involved. In culturing the blood, in a large number of living patients and also at autopsy, we have seldom isolated these bacteria. Hence, from our experience, we are inclined to think that the main channel of migration is through the lymphatics. There can also be direct transmission of the bacteria, through swallowing, to the gastro-intestinal tract; but even here we are inclined to the opinion that the infection travels by way of the lymphatics for reasons I shall explain later.
In about 25 per cent of our cases the teeth alone seem to be the source of infection and, with the removal of this source, our patients rapidly recover. In speaking of mental cases we mean the so-called functional group for which no definite etiology had previously been found. Gibson, formerly of the Boston Psychopathic Hospital, has recently reported a series of cases of this kind (2) . These types comprise the majority of our admissions. One group, the manic depressive, tends spontaneously toward recovery in the majority of cases but shows a tendency to recurrence. The other types belong to the dementia precox group, and show a tendency to chronicity and dementia. These we have previously not been able to benefit. It is to this latter group that we feel the importance of our work applies, for we can undoubtedly restore them if they are treated early in the course of the disease.
As already stated, in about 25 per cent of our cases in this group, the teeth alone are the etiological factor; in another group, about 25 per cent, both the teeth and tonsils are at fault, and have to be eliminated if we wish to restore the patients. In a third group, about 50 per cent, the gastro-intestinal tract is also involved, with either the teeth or the tonsils, or both; and we did not get any results in this class until we were able to determine the types of infection and establish means for their elimination.
One might with reason ask: "Why bring in gastro-intestinal infection in discussing teeth, a purely dental problem? " The explanation lies in the fact that the infected teeth, or the bacteria concerned in this infection, have a direct and very important relation THE JOURNAL OF DENTAL RESEARCH, VOL. I, NO. 3 to the pernicious activity of the colon bacillus. This organism occurs normally in the lower intestinal tract. Outside of its normal habitat it is extremely toxic; it loses its benign character and becomes pathological. To the question: "What causes the benign colon bacillus to become virulent and migrate to other organs, " we frankly answer, we do not know. We do know, however, that, in the stomach, duodenum and kidneys, it is usually associated with Streptococcus viridans; and it would be well within the range of probabilities that this latter organism, by its toxic influence, stimulates the colon bacillus to virulency. Or, it may be, that streptococcus in the mucosa of the intestinal tract provides an outlet for the colon bacillus, by so damaging the mucosa that the latter organism passes through it into the lymphatic circulation and by this means of egress proceeds to distant organs. We know that when the colon bacillus is migratory it also is virulent and toxic. I lost several cases, from general colon-bacillus toxemia, before this fact was recognized and its influence overcome by autogenous vaccines, in accord with Satterlee's views.
Consequently, while apparently we can see no relation between infected teeth and intestinal infections of a chronic type, clinically there is a very close relation. It is well for the dental profession to recognize all the consequences and results of chronic root infection and to end, once and for all, this far-reaching and dangerous type. I feel that I do not overstate the facts when I say that insanity can be prevented or cured by a conscientious practice of the principles discussed in this paper; and that, in the same way, many other diseases which, in most cases have a fatal termination, can also be prevented or cured if the process has not gone too far.
GENERAL CONSIDERATIONS ON NERVOUS AND MENTAL DISEASES
If we can substantiate our contention that a certain percentage of nervous and mental diseases are results of toxemia from chronic focal infections, the sources of which may be multiple and therefore difficult to locate, then the logical method of curing these diseases would be to eliminate such foci of infection wherever found. This may sound easy; but, from three years' experience with these problems, I can state that not only is the difficulty of locating foci of infection a tremendous one but the problem of eliminating them when found is almost stupendous. It takes patience and ability to stick to the work of elimination, which is hard for one who has not had the experience to realize.
It should not be difficult for the alienist to accept the principles discussed in this paper since, for years, we have recognized the fact that infections and toxemia cause mental disease, and have thus diagnosed a small group of such cases as " toxic-infectious psychoses. " So, we are not far afield when we consider that infection plays an important r6le in the etiology of mental conditions; in fact, we are merely extending and enlarging this group, which formerly comprised a comparatively small percentage of our cases, wherein the infection was of the acute type and the fever, etc., made the diagnosis simple. Our principal difficulty is to establish the fact that chronic infections exist in these cases; which infections, because of their chronic character, often produce neither subjective nor objective symptoms aal3d are, therefore, dicult to establish by the ordinary methods of examination.
We were not the first to show that by eliminating infected teeth mental diseases could be cured. In 1908, Henry S. Upson, M.D., of Cleveland, Ohio, published his work on the relation of infected teeth to certain nervous and mental conditions (8) . He reported cases of the so-called functional psychoses as both dementia precox and manic depressive insanity, which recovered when impacted and unerupted molars were extracted, and root infections were eliminated. Like the work of all pioneers, his was not taken seriously; it was so contrary to the accepted ideas of these conditions that no one followed his advice or council. He deserves great credit for his work, although he knew nothing of bacteriology or the relation of alveolar abscesses to other infections. His book is, however, a revelation. Unfortunately for our work, it was only recently that a copy of this book came to our attention through the kindness of Dr. Upson's widow.-Upson stated that Savage, the English alienist, reported, in 1876, a number of cases of insanity due to infected teeth, which cases recovered when the infected teeth were extracted; and that this work was mentioned by Lauder Brunton in an essay on cases of insanity due to infected teeth. In Thoma's admirable book (7) , previously quoted, there are a number of cases of insanity which recovered when infected teeth were extracted; but, because he was not an alienist and therefore his diagnosis might be questioned, no attention was paid to the importance of his work. Such is the fate of the pioneers. No one can calculate the suffering which might have been saved, and the financial burden which could have been avoided, if the work of Upson, an unusual man, had been given due credence.
We who have been dealing with the insane, or as we prefer to say, those suffering from mental diseases, have for years isolated ourselves from general medicine and have considered the patient wholly from the standpoint of the mental picture. While we have made advances in the care of these patients, our recovery rate has not changed, except for the worse, in the last fifty years. In spite of the fact that many patients showed evidence of profound physical disturbances on admission to the hospital, this fact was ignored; and we neglected even to ascertain what physical condition the patient was suffering from. I plead guilty to this charge and will state only one extenuating fact: we treated these patients on admission as sick and kept them in bed until they had gained physically. This treatment may account for the fact that our recovery rate has been-between 30 and 40 per cent annually, based upon the admissions, while the average in the majority of state hospitals has been about 15 per cent.
We have made the mistake of considering the mental disease as the principal factor to be studied, but have learned that the mental symptoms are merely incidents in the general infection and toxemia. Some cases, with severe infection, do not present any mental or nervous symptoms. Other cases, with a mild infection, may show very slight physical disturbances; but the nervous system may be affected to a profound degree and may never return to normal. This condition is difficult to explain but it offers no more inconsistencies than the varied effects of alcohol on different individuals, a fact so well known that it is useless for me to dwell upon it. We do know that " Streptococcus viridans " consists of and embraces more than one race of bacteria, with various characteristics and perhaps certain selective properties as claimed by Rosenow, which can account for the causation of articular rheumatism in one individual, neuritis in another, or toxic myocarditis in a third. One strain may be more toxic than another and therefore affect the nervous system. We have only been able to find in one case the organism in the brain itself, hence we assume that the toxemia is the causative factor in mental disease. Again, we must take into consideration the constitutional reaction of patients to these poisons (as we do in the case of alcoholics); also the susceptibility and lack of resistance of individuals to certain infections. These two factors, the type and characteristics of the organism plus the individual's reaction, may determine the pathological process and its variation in different persons.
"Where do we place heredity?" might be a proper question right here and this a proper time to give an answer. We do not underrate heredity nor constitutional factors, but we believe the former has very little influence either in the etiology or in the prognosis of mental diseases. Neither do we believe that it is a necessary factor, for we have seen as many cases in which this element was entirely absent, among the better class of the population, as those in which we found it prevalent among persons of a lower grade. The psycho-genetic factors also have their place, but we do not give them the principal r6le in the etiology. In fact here, as in heredity, many cases occur in which we can find no psycho-genetic factors, and therefore we place them in a subordinate position among the etiological influences. We admit that the mechanism is capable of several interpretations but with that we are not particularly concerned. It is possible to conceive of mental factors, such as worry, grief, fright, mental overwork, and others too numerous to mention, as having a profound effect upon the vitality of the individual. Through loss of appetite and sleep his vitality is reduced and therefore his immunity; and a latent affection, of which he is not aware, becomes active. Or, as Jelliffe has suggested, the presence of infection may so lower the resistance of the individual that he is unable to meet his daily tasks, or is unable to adjust himself to his environment, and develops certain mental symptoms in the nature of a protection from his inadequacy. In either case the principal thing to recognize is the fact that the infection is by far the most important influence and that, without this factor, the chances for the development of psychosis are very slight. We are inclined to the first explanation of the mechanism because it seems more in harmony with other types of mental diseases, such as paresis, in which the anatomical changes in the brain are responsible for the mental symptoms.
In discussing this question, we are referring to the so-called functional types, usually grouped under manic-depressive insanity, dementia precox and the paranoid states, in which no acceptable etiology has been found. If we are to consider definite disease entities, and place these groups in distinct classes, it will be difficult to understand the significance of their common etiology, namely, chronic infections and the resulting toxemias. As a direct result of our work we must either change our diagnosis, in the cases which recover from dementia precox, to manic-depressive insanity or admit that dementia precox is not the incurable malady we have believed it to be. We are inclined to agree with Meyer that we have taken Kraeplin's work too seriously and followed his lead when facts do not justify his conclusions in regard to dementia precox. After an experience of some years, including one year with Kraeplin and three years with Meyer, I feel that I can claim some familiarity with the diagnosis of this much discussed disease. When, in reviewing our work for the past ten years, I find that we have over one hundred cases of manicdepressive insanity in the Hospital which should have recovered, and that frequently we have had to change the diagnosis of dementia precox to manic-depressive insanity in cases which had undoubtedly recovered so far as at least to preserve my orthodox standing, I feel that we should seriously revise our estimate of Kraeplin's work and our ideas of this disease. We are in thorough agreement with Meyer on this point and feel that, as he has expressed it, we are trying to deal with an imaginary entity. If this conception is going to interfere with our therapeutic measures in the treatment of dementia precox, then we had better give up Kraeplin's view-point and go back to the old classification of acute and chronic mania, as unscientific as these diagnoses may seem.
METHODS OF EXAMINATION AND TREATMENT
We should have no difficulty in accepting the principle of focal infection, as there has been enough work done to prove to the most conservative mind that such infections do exist. In order to deter-mine the existence of chronic infection in our patients we must adopt the following methods, utilized by those who have established this very important principle.
Complement-fixation test of the blood for Streptococcus viridans
This method, like the Wassermann reaction, is not infallible, and will be negative in-some cases in which the infection is present. It was the only test, however, which at first indicated the existence of this infection in our cases. Because of the many races of Streptococcus viridans, it is necessary to use at least fifty strains in the antigen; and even then we will find that some positive cases give a negative reaction because we do not happen to include the particular variety or strain involved. We do not depend entirely upon this test to establish the presence of infection in our patients. However, the test is very valuable in doubtful cases. It could be used to advantage by the dentist to determine the necessity for extracting suspicious teeth where there were no apparent constitutional symptoms. If the test proves positive, then all possible sources of infection should be eliminated. Unfortunately, the clinical pathological laboratories have not adopted this test as a routine measure. When the necessity for such tests is shown, they will undoubtedly be generally used.
Examination of the teeth
We make use of the x-ray to determine the existence of alveolar abscesses. Combined with the radiogram, inspection of the teeth will reveal the presence of bad teeth; in fact, in a majority of our patients, radiograms while desirable are not necessary. We would, if time permitted, radiograph every case; we do all doubtful ones. But the existence of teeth which need to be extracted can often be determined by simple inspection by a competent dentist. When the teeth are badly decayed or the gums are unhealthy, purple, swollen 2HENRY A. COTTON We extract all capped and pivot teeth, and remove all fixed bridge work. Perhaps we are too radical as I am informed that at least 5 per cent of the repair work of this character may be good and uninfected. However, I feel sure we are right in our methods; for, frequently in the past, after we allowed bridges, caps and pivot teeth to remain (either because the teeth did not show any external evidence of infection or the radiograms were not definite enough to justify extraction), with the result that the patients did not improve, we returned to the teeth and extracted the doubtful ones, and the patients promptly recovered. These experiences make us suspicious of all crown and bridge work in our patients' mouths. I am willing to admit that 5 per cent of such work is good; but unfortunately for us and for the patient we cannot afford to run the risk of leaving these crowns and bridges in place, on the assumption that they belong to this "5 per cent." On the contrary, we are forced, in the patient's interest, to assume the opposite-namely, that all such work results in infection -and to feel that every suspicious tooth should be extracted.
We cannot always depend upon the radiogram to show infection, as I have found to my sorrow, for there are certain conditions which may not be revealed by this method. I refer to the type of granuloma, especially just below the gum, where the bone tissue is not involved. Imperfectly filled teeth may also be infected and have to be removed, even if the radiogram is not decisive. I wish to correct an erroneous idea regarding the effects of extracting many teeth upon a patient's nutrition. In my experience, all patients from whom the infected teeth were extracted immediately began to gain weight, and it is not unusual for them soon to gain 20 or 30 pounds, even when all the teeth have been extracted and no artificial teeth have been supplied. Further, during an experience extending over a period of three years, I have been berated by only one patient for extracting her teeth, irrespective of the number of teeth that had to be sacrificed. In practically every case the patient was not only grateful for the removal of the teeth but also advised other patients, who were wavering, to have similar work done.
Infected tonsils
In about 25 per cent of our cases the tonsils as well as the teeth -are infected. If this fact is not recognized there may be no result when the infected teeth alone are extracted, except the ill-will of the -patient, who may have been promised relief by the dentist. Therefore, it behooves the dentist to explain to the patient that the results -of extracting his teeth depend upon whether or not there is any secondary infection, especially in the tonsils, and that a good throat specialist should be consulted. Often, the dentist can readily see for himself, while working in the patient's mouth, that the tonsils are infected; and it is his duty to call attention to this fact and have the patient consult a physician. Here again, as in the case with Infected teeth, the patient may not have any symptoms which would -lead him to consult a throat specialist. Very badly infected tonsils may exist without producing any discomfort and hence the danger to the patient. Often, small buried tonsils are severely infected and can be easily overlooked, but a thorough examination by a competent man and cultures taken from the crypts will reveal the infection. We .are indebted to King for his work on the relation of tonsilar infection to systemic diseases and his methods for determining infection, which -work is not original, but has emphasized the difficulty of determining infection (4) . In order to eliminate the infection in the tonsils, it is necessary to enucleate them. We may discover some method of eliminating this infection without an operation, but at present no other method is available. Autogenous vaccines may influence the infection, reduce the size of the tonsils, and prevent secondary infection after operation, but the tonsils must be enucleated if we -expect to eliminate this source of infection.
Gastro-intestinal tract
In about 50 per cent of the cases there is involvement of the stomach, duodenum or lower intestinal tract, with either the teeth or the tonsils, or both. There may be very severe symp--toms, producing discomfort to the patient; but in many instances these symptoms are due to the general toxemia from in-,fection of the teeth or the tonsils, and not to an infection of these organs. In such cases the removal of the infection in the teeth and tonsils will clear up the symptoms; but we make a routine examination of the gastro-intestinal tract in all patients and, when infection is present, it is treated by means of autogenous vaccines, made from the bacteria found there. Streptococcus viridans is the principal infecting organism. In a small number of cases, we find a virulent colon bacillus. Both are concerned in the toxemia.
For the past two years we have been convinced that some of our more severe cases had profound gastro-intestinal infection, and had been making routine examinations of the stools. This method of determining the intestinal infection was very unsatisfactory, for the intestinal flora was so numerous and undifferentiated that we could not single out any one organism and place the blame for the infection upon it. The method of Rehfuss finally supplied the last but most important link in our chain of tests, and through this method we were able to determine definitely the location of the infection and the organism responsible for it. The Rehfuss method consists in the fractional examination of the stomach contents and in culturing the contents of the stomach and duodenum by means of the duodenal tube. He deserves the credit for not only furnishing a method of examining the stomach, its function and its secretion of hydrochloric acid, but also of demonstrating that infection of this organ is responsible for impairment of gastric function.
This method in brief consists in the ingestion of the usual test meal-two pieces of toast and a cup of unsweetened tea. Fifteen minutes afterward the Rehfuss duodenal tube is swallowed, and allowed to remain in the stomach. By means of a syringe attached to the tube a specimen of the stomach contents is withdrawn every fifteen minutes and examined for free HCl, and tokl acidity; it is also cultured for bacteria. The data give the hydrochloric acid curve, which should begin somewhat low, gradually rise, reach a maxium at the middle of the test and then gradually descend. Ten bacterial cultures are taken at intervals of fifteen minutes each. As an indication of the hydrochloric acid secretion the data thus obtained are far more accurate than those of older methods which consisted in giving a test meal and in an hour withdrawing the contents and testing them for HCL. Aside from this value of the test, the cultures made from the stomach contents give us definitely the bacteria responsible for any existing infection. That is why we consider that Rehfuss has not only added a valuable method for the internist, but has supplied the missing link in the chain connecting infection of the teeth with infection of the gastrointestinal tract. Further, by means of this method, the duodenal contents can also be cultured. Frequently we find the stomach entirely normal, but the duodenum infected.
In all our cases with infection of the stomach, we find that there is either entire absence of HCO from the contents or its proportion is very low-a condition described as achylia gastrica. This condition is due to the presence of streptococci in the stomach wall and in the peptic glands, where they interfere with the secretion of HCl. We have been able to demonstrate these organisms in the walls of the stomach and duodenum in cases coming to necropsy. This would mean, apparently, that the organisms find their way into the stomach wall by way of lymphatics. It is possible that the infection results from swallowing the bacteria; but if we consider that, at every meal, there is a secretion of HCO and its presence would kill any bacteria in the cavity of the stomach, a lymphatic entrance for the bacteria would seem more probable. In the simpler types of mental disease we find the streptococcus alone but, in the more severe and chronic forms of mental trouble, we nearly always find B. coli; and often in the duodenum as well as in the stomach. Here is where Satterlee's work is of the utmost importance for, without it, the significance of the presence of B. coli in the stomach would not be appreciated (5) .
Draper has called attention to the importance of the duodenum as a source of absorption of toxic products and our experience corroborates his contention. Draper's work represents years of hard labor and painstaking experimentation, and has furnished us not only with valuable data regarding the relation of the duodenum to toxic absorption, but also with facts concerning the whole gastrointestinal tract. Draper has thrown light upon the problem as no other man has been able to do. His knowledge of intestinal pathology will be of utmost value in further determining the relation of infections of the lower intestinal tract to the whole subject of focal, or chronic, infections. He and his colleague, Lynch, are producing work which we hope will be available for our use in the near future. Satterlee, another colleague of Draper's and Lynch's, has shown, in many publications, the importance of the toxemia resulting from the virulent colon bacillus and also the means of combating this infection (6) . Satterlee's work has been of extreme value to us in searching for every source of infection which might have any relation to the mental condition of our patients.
The treatment for infection of the stomach and duodenum is by means of autogenous vaccines made from the organisms found in cultures taken from the stomach contents as described above. The majority of the infections are due to one or more types of streptococcus (including both hemolytic and non-hemolytic strains) and the colon bacillus. Frequently it is necessary to give vaccine made from these three organisms; and occasionally the Staphylococcus -aureus is found and included in the vaccine. The vaccine is made in the strength of five hundred million to the cubic centimeter. The dose begins with one-tenth of a cubic centimeter and is given every other day, increasing a tenth of a cubic centimeter at each treatment until one cubic centimeter is given. After a month the stomach-is re-tested and, if infection is still present, the vaccine therapy is repeated. Generally the HC1 curve becomes normal and the bacteria disappear from the stomach as shown in the charts illustrating the case histories. Frequent washings of the stomach and duodenum with sterile water and colloidal silver, in conjunction with the vaccine treatment, are found to be beneficial in some -cases.
RESULTS OF THE WORK AT THE STATE HOSPITAL AT TRENTON
In chart 1 we have compared the results of our work for the last ten years with the work of the last nine months. The difference is seen to be very striking. The ratio of discharges to admissions, given as the monthly averages for the ten-year period, was 43 per cent. The average net annual increase in the population of the Hospital for the same period was 50. Some of the variations are interesting. In 1914, we had a decrease of 7 patients; in the Medical Director's report for that year it was noted that the dentist had extracted 450 teeth, on his own initiative. The former dentist did '296 little or nothing; and, as I was not then interested in this work, both did about as they pleased. The next year we had a new dentist and the net increase in population was 72. As there were no important changes excepting the one mentioned, it may have some bearing on the case. (I have never been able to explain this variation; I made the chart a few days ago.) YEARS 1908 YEARS 1909 YEARS 1910 YEARS 1911 YEARS 1912 YEARS 1913 YEARS 1914 YEARS 1915 YEARS 1916 When we compared the admissions for the nine months in 1918, from April, 1918, to January 1, 1919, with those for the previous ten-year period, we noticed a decided difference in the proportions. During this recent period, instead of the average of 43 per cent for the tenyear period, the discharges mounted to 87 per cent. Instead of an increase in our population of 50 for the ten-year period there was a decrease of 46 in the recent period. This has occurred despite the fact that we received 91 patients by transfer from Morris Plains to relieve the congestion there, and have transferred 46 patients to Skillman, leaving a net gain of 45 in our population by these transfers. We have an actual decrease of 46, but exclusive of transfers the decrease was 91. Adding this number to the average net annual increase previously would make our total approximate decrease of patients, 141. If we study the data for the year 1917, we find that we had the usual 42 per cent of discharges, but our increase in population at the end of the year was 143; exclusive of transfers, 90. This is explained by the fact that, in August of that year, the Medical Director and six of the staff entered government service and hence all work with the patients ceased; and, as the dentist also left, no dental work was done.
Of course, as has been suggested, we may be giving a wrong -interpretation to these figures. We all know that one can make figures prove anything; but the fact remains that, in spite of a gain of 45 patients by transfer, we have today a decrease in our population of 46. This has not been accomplished by an increase in our death rate, for the average for this period is only 9 per cent in spite of the influenza epidemic, during which we lost 39 patients-all from among the chronic class (chart 2).
No matter how beautifully we spin our theories, if we cannot "show results" in decreasing our hospital population, our theories go for naught. I had not felt, in the eighteen years I have been connected with state hospital work, that I had done anything, until recently, towards effecting cures in cases which would not recover spontaneously; but, from the results of our efforts during the last nine months, I feel I am justified in believing we are doing something now that has not been done before. It has been a source of much gratification to see improvement in some of my old cases. One, for example, I had watched for nine years finally recovered last June; and she not only continued well but steadily improved, and is now entirely normal. She was the first patient from whom I had the teeth extracted. This was done in 1916. We removed her tonsils in 1917, and then cleared up her stomach infection. I feel that if this work had not been done, she would still be a patient in the State Hospital instead of being well and at home. And the patient understands this fact as well as I do (case 2, p. 301).
These results are all the more remarkable when we consider that our work has been done during a period of unusual stress; with a medical staff reduced from eleven to four, and sometimes to three; with a shortage of attendants and nurses amounting to nearly a hundred; and with the concurrence of the influenza epidemic, which, for the month of October (1918), rendered continuance of our work D) 8 TRENTON, 1908 TRENTON, -1918 impossible. In spite of these and sundry other handicaps, we have had the courage of our convictions and have insisted that this work be continued. The result is that the State is paying for the maintenance of 91 patients less than last year, which means a saving of at least $66,000 this year alone; and if these patients are truly recovered, which fact will be shown in time, we cannot calculate the saving to the State in the years to come, aside from the other most important 1918 work of returning these patients to their families and to the community. Fortunately, while members of the medical profession still doubt the results of our work and are skeptical as to the validity of the theories discussed, men of the dental profession have taken an almost unbelievable interest in the subject and are endeavoring, by every means possible, to correct an evil which has been evident to the leaders in the profession for years. Instead of combating these theories, which to some extent indict a great many of their profession, the dentists have accepted the challenge; and, by their interest and activity, have shown a marvelous disposition to cooperate with the medical men who have pointed out these relations. The dental profession has shown that it is progressive and wide awake to a degree that we should like to see in the medical profession. An active interest in the teeth of their patients, by physicians, will do much to prevent occurrence of nervous and mental diseases. In cases where poor dental work has been done it should be the concern of the family physician to see that it is corrected. With active co6peration between the dental and medical professions we can look forward, hopefully, to the time when the types of mental disease discussed in this paper may be almost eliminated, especially among the better class of people who can afford to have good dental work done. We can then truly look forward to an era when all dentists will realize the importance of doing not what the patient wants im, saving his teeth, but what is best for the patient-extracting all infected teeth and putting his mouth in such a condition that it will not be a future menace to his health.
In conclusion, I desire to express my appreciation of the valuable assistance of Dr. A. W. Currie, a member of your society, who taught me much in the beginning of this work. I wish, also, publicly to thank Drs. F. S. and F. W. Bird, of Trenton, for their faithful and intelligent work with the patients in the State Hospital. Only by their hearty cooperation was it possible for us to accomplish the results outlined in this paper. To Dr. L. Biddle Duffield, of Philadelphia, I am indebted for his interest, and for his skillful extraction of the infected and unerupted molars reported above. In most of the cases, the four unerupted molars were extracted under gas in less than five minutes for the whole operation. I am glad to state that in no case were there any serious after-effects.
We give below the histories of a number of additional cases that illustrate the relation of focal infection to mental condition. 1 . A. A. Single girl; age, thirty-six. Admitted May 9, 1911, from Bloomingdale Hospital at White Plains, N. Y., where she had been since 1910. She had had four previous attacks, the first occurring at the age of nineteen. She finished school, however, and took up trained nursing. The attacks increased in severity and, when she was admitted in 1911, the attack had already been of seven months' duration. On admission she was very much confused-, apprehensive, agitated, and violent and resistive at times. She did not improve after a residence of three years in the Hospital and was considered a chronic, demented patient. In June, 1916, the resident dentist, after much difficulty, extracted an infected crowned molar. Soon afterwards she began to improve; in October, 1916, she had apparently recovered and was allowed to go home where she has remained. She has been visited frequently by the field worker and found to be in an apparently normal mental condition. She is interested in outside work such as Red Cross. On several occasions she has had sick headaches and it is possible that a mild degree of infection is still present.
The only reason we can find for her recovery, after five years in the Hospital, is the extraction of an infected molar. It is possible that some other infection is present, not severe enough as yet to cause another mental attack.
2. M. L. Married woman; age, forty-five. Admitted April 10, 1910. Duration of trouble: two years before admission. No heredity in the family history; very good family, especially bright mentally, wife of college professor. When admitted she was in mild maniacal condition; silly and dilapidated. Untidy in personal habits; would not wear any clothing except a wrapper-no shoes or stockings. Many attempts were made to arouse her interest; she was given a special nurse and sent to the theater, but always relapsed into the condition described above. In 1916 examination of the blood revealed the fact that she probably had streptococcic infection. She had lost most of her teeth and the remaining ones were extracted at-this time; no change noted in her mental condition. In 1917 her tonsils, badly infected, were removed; with this there was some improvement. She was able to go on a good ward, did some work, kept her THE JOURNAL OF DENTAL RESEARCH, VOL. I, No. 3 clothing on, but was silly and dilapidated. In April, 1918, examination of her stomach showed entire absence of hydrochloric acid during the test meal; Streptococcus viridans, colon bacillus, and Staphylococcus pyogenes aureus were isolated from the stomach contents. Combined vaccine of these three bacteria were given. On May 20, 1918, hydrochloric acid was normal and cultures from the stomach contents were sterile (chart 3). She improved rapidly; on June 18, 1918, she was discharged recovered. It took her several months to readjust herself to her home life, but she FIRST TEST; APRIL 9,1918. showed considerable improvement and in September, 1918, she was apparently normal. Since that time she has taken great interest in Red Cross work, and in various women's activities in connection with the camps and military hospitals. Her husband states: "Her interest and activities are sustained and there is no symptom of deterioration, mental or physical; and she is now as strong and active as she ever was."
The relation of the infection to the mental disease in this case can hardly be questioned, as she showed no signs of recovery until the foci of infection were removed. Sent to a sanitarium. Operation was performed: curettage of uterus, repair of lacerated cervix and perineum, also massage and electric baths, but without result. She continued nervous, but lived at home; in 1910 had second child. Suffered constantly from indigestion and insomnia, constant pain in face and head. Two teeth were in bad condition but the dentist advised her to save them and Richmond crowns were put on. In 1910 she again tried to commit suicide. She was no better and a year later made a third attempt at suicide. She was again sent to a private sanitarium where she was put in a "straight jacket," tied to her bed, and pillows put over her head to prevent her from annoying other patients by her screaming. She remained in this sanitarium for a few weeks and was finally admitted to this Hospital as a voluntary patient. She was depressed, agitated and confused, and in very poor physical condition. Weight 90 pounds; appetite very poor. Had to be dressed and undressed, stood in a corner of the room all day, never spoke, and refused to answer questions. Radiograms of her teeth showed that four were badly infected, including two pivot teeth (jig. 6). These were extracted, but she showed no improvement.
Examination of stomach showed fair amount of hydrochloric acid during test meal; no bacteria. Culture of duodenum showed Streptococcus viridans and colon bacillus. Autogenous vaccine was given with some improvement. On August 30, 1918, tonsils were removed and a week later she began to improve. In two weeks she was practically normal and was discharged September 30, 1918. Had gained 30 pounds in weight.
Since going home she has been' through some unpleasant domestic difficulties. She found her husband was interested in another woman. He treated her very badly in many ways and continually threatened to return her to the State Hospital. Through all this she kept up her weight and, in spite of the provocation, has shown no return whatever of her mental trouble.
4. D. Z. Married woman; age, twenty-two. Admitted to the Hospital, November 18, 1916. Capable, bright girl, successful stenographer. Married August 1, 1915 . Three months after marriage suffered from pains over heart and had a general feeling of weakness. At this time she was seen in consultation by the Medical Director; she had been in several hospitals. She showed no mental symptoms during this period. At the time of the consultation she was told, as her blood test was positive for Strepto- ,V0: E ( coccus viridans, that she should have her teeth examined. This she did not do and in October, 1916, she became depressed and mute. Spent eleven weeks in a hospital and was finally admitted here. Was in a mute, stuporous condition, extremely prostrated, nodded her head in answer to questions. She remained in this condition until June, 1917. With a great deal of difficulty several infected capped teeth were removed and later her tonsils were enucleated, following which she cleared up rapidly. On July 15, 1917, she recovered and was discharged. Since that time she had been in a normal condition, has gained physically and shows no evidence of mental trouble.
This case is interesting from the fact that, a year before the mental trouble developed, the patient was in a very weak physical condition, with marked heart symptoms, which condition was recognized as the result of infected teeth, but she refused to have any dental work done; and, as a result, finally developed a serious mental trouble, which cleared up when the infected teeth and tonsils were removed. 5 . M. A. S. Single woman; age, fifty-five. Father died of acute melancholia at sixty-four; mother of paralysis at eighty. Infancy and childhood normal. She had typhoid fever at twelve and was mentally upset for some months, probably delirium; since that time showed some inability to learn. Was a good housekeeper, however. Her mental trouble followed the death of her mother in August, 1916. She became excited, talkative, and in September was much depressed and agitated with self accusations. Admitted to this Hospital October 3, 1916 . At that time it was noted that her upper teeth were missing and lower front teeth were badly decayed. Nothing was done for her, however, and she was transferred to the chronic wards. In September, 1918, eleven bad teeth were extracted. She improved rapidly during the next few weeks. On November 9, 1918, she was discharged as recovered and since that time has been perfectly well.
The neglect of the teeth in this patient probably is responsible for her residence of two years in this Hospital, for there seemed to be nothing wrong except her bad teeth. 6 March 4, 1918 , he was treated in private sanitariums but became progressively worse. He was apprehensive, confused, refused food, had many somatic ideas and delusions regarding the disarrangement of his gastrointestinal tract. He became very much confused, refused to talk and had to be forcibly fed. In April, 1918, several infected teeth were removed. Examination of stomach showed he had practically no hydrochloric acid but streptococcus infection. He was given vaccine. -______total acidity = free HCl Examination of stomach, June 17, showed normal hydrochloric acid, but still some bacteria (chart 4). He improved somewhat and was discharged September 21, 1918. Following his discharge from the Hospital he showed rapid improvement. A letter from his mother in December, 1918, stated that he was entirely normal, had gone to work and was supporting his family.
The duration of this case was one and a half years before admission, during which time he was becoming progressively worse. After the removal of the infected teeth he rapidly recovered. The question of diagnosis is uncertain, but there can be no doubt that he was becoming progressively worse and fast going into a chronic state. The relation of the infection and his recovery can hardly be doubted. 7. C. G. Single man; age, thirty-seven. Admitted August 13, 1918. Common school education. At thirteen began to do farm work, at which he was employed at the onset of his mental attack, six weeks before admission. He had ideas that people were after him; tried to commit suicide by cutting his throat. On August 9, six infected teeth were extracted, and tonsils removed on August 16. Stomach test. was normal. He was discharged October 3, 1918, although he had shown very little improvement. A letter from his brother, December 3, 1918, stated he was well and working every day. Another letter in February, stated he was still improving and working.
The relation, in this case, of the teeth and tonsils to the mental condition seems to be well established. The rapidity of recovery after their removal shows this relation. It is noteworthy that only a month and a half was spent in the Hospital where formerly the average in the Hospital for such cases was ten months. 8 . H. R. A. Single man; age, thirty-four. First admission July 24, 1911. Ten years previous to this date he was considered simple-minded, and was unable to hold a position. He left the Hospital August 18, 1911. He lived with his mother in the country and accomplished nothing. He was untidy in habits; annoyed the neighbors by indecent talk. Second admission, September 8, 1914 . He was considered a case of dementia precox with slow deterioration of long standing. On September 1, 1915, he was taken out on trial by his mother, but could not get along; exposed himself in public places. Was returned September 11, 1915. He remained in the same condition until March, 1918, when two infected molars were extracted. He improved rapidly after this, showed interest in his surroundings, and on May 12, 1918, was discharged. A letter from his mother, December 24, 1918, says: "Harry is feeling fine, better in mind and body than he has ever been, works out every day, and I think your doctoring has helped him. Neighbors and friends say he never looked better. He is happy and contented, and no one can see that there has ever been anything out of the way with him. He is much stouter." Monthly letters from the mother show a continued improvement.
A letter dated February 26, 1919, states that he is still normal mentally and working steadily.
There is a contrast between the patient's present condition and that for the previous seventeen years during which he did no work at all, exposed himself on the street, and made himself a general nuisance. With the extraction of two infected molars he has been able to make a good living and remain in a normal mental condition. 9. W. G. B. Married man; age, fifty-three. Admitted February 24, 1916. His mental trouble followed "grippe" three months before admission. Had marked physical signs, complained of head hurting him. On January 18 attempted suicide by cutting throat, jumped out of window, ran in front of a trolley car. When first admitted he was in a semidelirious condition. He was taken out against advice in September, 1916. All infected teeth were removed prior to this. He remained at home, gradually becoming worse, until June, 1917, when he was readmitted. He was much depressed. Accused wife of running with other men. Said he would never get well. Tonsils were found to be infected and were removed, but not much improvement was noted. In May, 1918, examination of stomach showed severe infection with absence of hydrochloric acid. He was treated with autogenous vaccine and improved rapidly. He gained considerably in weight and in October, 1918, was discharged recovered.
In this case we have infection of the teeth, tonsils and stomach, with no evidence of improvement until all the foci of infection were removed.
10. W. P. Married man; age, thirty-five. Had been a successful contractor, with no evidence of mental trouble until November, 1917, when friends noticed that he acted in a peculiar manner. About Christmas, 1917, he suddenly disappeared; later was found in a hospital in Chicago in a confused state. He did not know how he got there and could give no account of himself during this period. He was brought back to Trenton and put in a general hospital for treatment by his family physician. He. seemed to improve a little and was taken out. Soon became very much worse; was. depressed, agitated, confused, and had made self-accusations. Admitted to this Hospital, March 17, 1918. He was extremely apprehensive, thought he was going to be killed and became rapidly worse. In May it was noticed he had four crowned molars.
The worst one was extracted and two days following this extraction the patient became normal. He lost all his apprehensiveness and depression, and rapidly improved; soon gained over 30 pounds in weight. Stomach examination showed infection and autogenous vaccine was given. He was discharged June 9, 1918, following which he went to work as a contracting engineer at Tullytown and later at the Old Hickory plant, Dupont's, Nashville, Tenn., earning $160 a month. His work was entirely satisfactory and he has shown no mental symptoms whatever since his discharge.
The sudden improvement in this patient, who had been getting progressively worse, two days after the extraction of an infected, crowned molar was very striking. We would emphasize the fact that he has been an efficient, capable man at his work since that time. 11. F. K. B. Married woman; age, twenty-four. Admitted March 4, 1918. Mental trouble followed childbirth, November 7, 1917 . She became maniacal and was sent to a private sanitarium. She showed no tendency to improve and was finally admitted to this Hospital. She was maniacal, excited, destructive, with no tendency to improvement. Operation for infection of the cervix, curettage and repair of perineum done, April 5; no change noted in her maniacal condition. Later in April four capped molars were extracted; within a week the maniacal excitement subsided. She was discharged, May 25, 1918, a little over two months after admission. Stomach examination showed infection and absence of hydrochloric acid. She was given an autogenous vaccine. The family report that she has remained entirely normal since leaving the Hospital.
The relation between the infected teeth and stomach, and the rapid recovery after the removal of these foc, is evident, especially because, for five months previous to admission, she had become progressively worse. 12 time he was silly and dilapidated. Spent his time indolently in bed, and frequently exposed himself to the nurses and other patients. From the symptoms at this time, with hallucinations and dilapidation, a diagnosis of dementia precox of two years' duration was justified. Physical examination: under-weight. Neurological examination: negative. Six teeth showed very marked apical abscesses. Although the upper teeth did not show distinct abscesses in the radiograms, they were found to be infected; all the upper and lower, except six front teeth in the lower jaw were extracted. Examination of stomach showed absence of hydrochloric acid and, from the cultures, Streptococcus viridans and colon bacillus were isolated. An autogenous vaccine of these organisms was given. Improvement was rapid. He gained in weight, soon lost his silly and dilapidated appearance, and talked rationally. In July, 1918, tonsils were removed. He had a mild relapse, reappearance of hallucinations, with some physical disturbance and fainting attacks. He was discharged November 5, 1918, and has been at home since this time. He obtained a clerical position at $150 a month which he is still filling satisfactorily. At the present time he is not altogether normal.-Shows some evidence of gastro-intestinal infection axid at times has a recurrence of hallucinations. (See chart 5 for the data of the stomach examination. After vaccine was given the stomach returned to normal.)
This case is specially interesting as it was the first one in which we cultured the stomach contents and found evidence of stomach infection. 13. A. R. S. Married woman; age, forty. Neurasthenic condition lasting twenty years with profound physical disturbance; nervous palpitation of heart. At twenty-five had all her upper teeth extracted, which resulted in clearing up the nervousness and a gain of 20 pounds in weight. Seven years later had rheumatism; two years thereafter, 1909, had imperfect action of heart. Diagnosis: valvular lesion with profound stomach trouble. Entered the New Jersey State Hospital as a voluntary patient. Blood test positive for Streptococcus viridans. Radiograms of teeth showed one abscessed tooth; nine front lower teeth not definite. Refused to have teeth extracted and three months after admission was taken home, but no better. Stomach and intestinal trouble continued. Cessation of menstruation. Her only nourishment was white of egg and malted milk. . . on I gained in weight and her depression disappeared. After considerable improvement her nine lower teeth were extracted; all badly infected. Examination of stomach, April 15, showed absence of hydrochloric acid and presence of streptococcus and staphylococcus (chart 6). An autogenous vaccine was given; following this she gained 40 pounds in weight. In August, 1918, there was a return of her trouble and a return of weakness. Had to remain in bed, although she was clear mentally. Cultures from tonsils gave streptococcus; tonsils enucleated, September, 1918. Five days following the removal of tonsils the distress from heart lesion disappeared and has not returned. The reaction of the stomach (October 7) showed normal hydro- In this case the mental condition cleared up, under rest in bed and forced feeding, before the removal of the foci of infection, but the patient still had a profound physical disturbance which did not disappear until all the foc of infection were removed. 
